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and products relative to the mission requiremeiitse
overall strategy to meet this objective in termd.etel 2
The mapping of freeze/thaw state of the landscapaé of products (soil moisture and freeze/thaw state)uishes (1)
the main objectives of NASA’s upcoming SMAP (Soil ground-based efforts: in situ monitoring using grauased
Moisture Active and Passive) mission. This studylias observation networks and intensive field campaigsisg
ALECTRA (Alaska Ecological Transect) biophysical airborne sensors and ground-data acquisition; (2)
network and QuikSCAT scatterometer data to evaluatelternative satellite based soil moisture and fébaw
some of the wvalidation issues regarding the SMARroducts, and (3) application of land surface model
freeze/thaw measurements. Although the QuikSCA®R datThis study contributes to the efforts establishittge

is at Ku-band frequency, rather than the L-bandthef ground-based validation strategy for the freezeltistate
SMAP instrument, the data is utilized due to itsquely  product.

high temporal resolution over the ALECTRA sites.eTh In order to study the freeze/thaw state of the
results show that multiple temperature measurementandscape and its relationship to radar backscdtier
representative of individual landscape (soil, snawer, thermal conditions of each component of the langsca
vegetation and atmosphere) elements and spatiakeds to be known. This requires a sophisticatéa skt.
heterogeneity within the satellite field-of-view ear The Alaska Ecological Transect (ALECTRA) monitoring
important for understanding the radar backscattecqss sites provide a unique data set that satisfies this
and aggregate freeze/thaw signal. The backscattgodral requirement (see Figure 1). These sites are deabigme
dynamics and relative contribution of these langsca capture spatial heterogeneity in temperature crmmditat
elements to the freeze-thaw signal varies with laoger the level landscape microclimatic variability and
type, seasonal weather and climate conditions. encompass several measurements of the physical
temperatures of the landscape from subsurface tsoil
vegetation stem and branches. Additionally, theessit
observe plant growth activity through xylem sapwflo
1. INTRODUCTION measurements. Furthermore, many of the sitesitaised

The NASA Soil Moisture Active and Passive (SMAP) ?n th? vicinity of other experime_ntal r_esearch $?te
mission is dedicated to measurement of globalmsoikture mclgdmg flux _“’W?rs a_nd other blophy_sme_ll samglin
and boreal land surface freeze/thaw sfate The satellite stations. The S|_tes _mvestlgated here are d|semaloqg a
will carry radar (active) and radiometer (passike)and north-sou’Fh latitudinal transect across Ala_ska _rmm;g
instruments that will perform simultaneous and cmlant from Arctic co_a_stal and upland tu_ndra to mter_mretal
measurements of the Earth’s surface. The combmaifo forest and ma_trmme forest. Thgse sites span a ”‘?‘F’ge of
data from the two instruments will allow unpreceigen land cover, climate, top_ograph|c and ve_getaﬂordcmms_. .
spatial accuracy and temporal frequency for glaapping Numerous studles_ have es_tabllshed the appllcatlon
of soil moisture and freeze/thaw state. The frekae/ state of radar backscatter time series for detecting the
will be determined for boreal regions (>45°N) ahimum freeze/thaw state of the landscape (42 [5]). These

spatial classification accuracy of 80 % with 2-3 dapeat :‘studles encc;)r?passs_ analiﬁes Ltj)t_'l'zt'.ng L'f’ ﬁ] a”td;m
and 3 km spatial resolution. requency data. Since the objective of this stuslytd

The objective of the SMAP Science Calival analyze the validation issues of SMAP measuremengs,
Program is to calibrate and validate the sciengerdhms optimal frequency of choice would naturally be Lrtia
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Figure 1. The location of most of the ALECTRA (Alaska
Ecological Transect) stations. There new installations also at
Franklin Bluffs (coastal tundra) and Sagwon (upland tundra).

21. ALECTRA

Each subsite of ALECTRA stations provides coincidemd
co-located measurements of surface air temperatsods
profile temperatures and vegetation stem and branch
temperatures of locally dominant vegetation typ€ke
analysis includes seven ALECTRA stations: AO1 ari® A
are located in the Bonanza Creek Experimental Fores
representing White and Black Spruce, Balsam Pogohar
Alder vegetation types; A04 is located in the Kenai
Peninsula and is composed of Spruce, Poplar aner Alde
species; AO5 and A06 are located in Denali NatidPeadk
and represent open shrubland, White Spruce anddmixe
Spruce/Hardwood forest types; A0O7 and AO8 are &atat
the Dietrich Valley and are composed of White ariaciB
Spruce and shrubland types. Each station also atcdor
varying local topological conditions.

The temperature measurements are first quality
checked and erroneous data e.g. from failing senace

However, there is no long time series of adequatelf}agged and eliminated. At each subsite there aweral

high temporal fidelity (daily) radar measurementsLa
band available over freezing and thawing areasréfbres,
the daily (applies over Alaska) Ku-band data of MAS
QuikSCAT satellite scatterometer obtained betweears
2000 to 2007 is utilized. The effect of the vegetais very
different for Ku-band than for L-band; this is acoted for
when interpreting the results. Furthermore, thelysisa
needs to account for the fact that QuikSCAT data h
approximate 25 km spatial resolution (as oppose8 ko
for SMAP), which amounts to higher sub-grid scal
heterogeneity within the sensor footprint. Botheasting
(6 am) and descending (6 pm) overpasses of QuikS&AaT
investigated with horizontally and vertically palsed
backscatter.

2. DATA PROCESSING

canopy measurements which are averaged as remtgent
stem and branch temperature values. Figure 2 shiosvs
time series of the aggregated temperature measnteme
points for station AO1 subsite 1. The daily minimum
maximum and mean of each measurement point is then
determined. Also, the measurement value at the ¢iintlee
overpass is extracted for further analysis. Forluatang
awhich temperature sensors are most important fer th
changes in the radar backscatter the binary statedch
esSensor were retrieved: the output of each sens® wa
reduced to give indication whether it was abovéabow a
0°C freeze/thaw temperature threshold. The pracgssi
produces five sets of data that can be directly pamed
with the processed QuikSCAT data.

2.2. QUIkSCAT

This section describes the processing steps anh Majhe cyliprated and DEM corrected QuikSCAT data is

characteristics of ALECTRA and QuikSCAT data.

gridded to a polar EASE grid equal-area projecfamat.
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Figure 2. A sample of ALECTRA data for station A01 (Bonanza Creek) subsite 1 for years 2000-2007. The gapsin the plot are

missing data due to logger or sensor issues.
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Figure 3. QUikSCAT HH-polarization PM -over pass backscatter over ALECTRA station A08 (Dietrich Valley) with frozen (blue)
and thawed (red) condition reference points and the threshold level (green) for years 2000-2007.

The analysis is then focused on those grid poititsresthe  normalized distribution of the positive and negativ
ALECTRA stations reside, resulting in seven dats §&  temperatures with respect to the backscatter difiez from
both HH and VV polarized backscatter and AM and PMhe threshold level for station A08 subsite 4. Adenark
overpasses. A winter and summer reference level wgalue is computed from this plot: the number ofuscences
determined from data obtained in January and Sdggem on the wrong side of the backscatter differenciigled by
which offer stable thawed and frozen conditionsroatt  the total number of occurrences. This value is used
stations (with slight exception regarding A04 siation estimate how well the changes in the backscatter
Kenai Peninsula which experiences some thawing tevencorrespond to each temperature measurement.
throughout the winter season). A threshold levethisn +0 (H-pol prm) difference to adjusted reference

computed for all data as the average of the adjdoaren A08, point 4; threshold 0C

and thawed references. Figure 3 shows the refelenets
and resulting threshold for station AO8 in Dietridhlley.
Additionally, the data obtained during July and Asgis
removed, since the backscatter tends to increasegdu
those months although the landscape conditions inrema
thawed.

In general, the signature over each ALECTRA
station shows clear similarity for backscatter sigme over
the annual cycle (as can be seen in Figure 3 f@&)ADhe
maximum deviation from the mean of each day is only ; :
about 1 dB on average. On the other hand, the tsiggs o difference [dB]

are different from site to site and also the meaarly  rigyre 4. The histogram showing the normalized distribution
freezing and thawing dates are notably differeritisTis  (y-axis) of positive (red) and negative (blue) temperatures
due to different terrain, vegetation, snow coverd an versus the backscatter difference (x-axis) from the threshold
meteorological conditions. Hence, for example, affect of  level.

snow cover and snow wetness on the backscattdreae t
extremes is very different which affects especiathe
detection of thaw events using Ku-band scatterometr

normalized number of occurences
,

Table 1 summarizes the benchmark values for H-
polarization QuikSCAT data for PM overpass for all
stations and their and subsites. The table incladestem
3. RESULTS and branch measurement points. The soil temperasure

measured at the sites but for the Ku-band baclkscag
The match between radar backscatter temporal charge correspondence did not seem to be very strong. The
the binary freeze/thaw state of different Iandscap?

. . L emperature data is selected based on the equatoria
temperature elements was investigated by detergninaw

much the backscatter obtained under frozen comgitio o oo time i.e. 18:00. The light green cellshia table

| ith the back btained d h how the best performance within a subsite and edark
overiap with the bac scatf[er 0 talne_ under t aWeéreen cells show the best performance for the wétalgon.
conditions. The reason for this approach is thahia way

. , Table 1 also shows the predominant vegetation aygech
the backscatter freeze/thgw algorithm O_f choicesanot subsite. In most cases the best result is achitoeed the
affect the result, and using only the binary steftethe

. temperature measured either from the stem or besnoh
landscape temperature element does not overemphthsiz the canopy
magnitude of the temperature. Figure 4 shows the '



Additionally, an overall benchmark is calculated:

this is the mean of the lowest values of each seilise. the
light green values in Table 1). Table 2 shows therall

most accurately the Ku-band scatterometer respoose
freezing and thawing. The results vary with terraimd
land cover conditions, which could mean that défer

benchmark value for AM and PM overpasses for botlvalidation strategies for different landscapes aaéed for.

horizontally and vertically polarized data for

eachln most cases the canopy temperature had the best

ALECTRA data set (daily mean, min, max, 06:00 andcorrespondence to backscatter changes.

18:00). The backscatter obtained from the AM ovsspa
seems to yield the best result when compared tg oegan
temperatures.

Table 1. The benchmarksfor air, vegetation stem and branch
temperatures (light green shows the best performance within
subsite and darker green showsthe best performance within
the whole station): QuikSCAT H-polarization AM-over pass
ver sus mean daily temper ature from the ALECTRA stations

ST. |suB| AIR | ST | BR Type
A0l | 1 0.20 0.22 W. Spruce
2 0.21 | 0.21 - B. Spruce
3 - 0.21 - Poplar
4 0.24 | 0.23| 0.22 Alder Shrub
A04 | 1 0.21 | 0.18 | 0.18 Sitka Spruce/Poplar
2 0.20 0.18 Alder
A0O5 | 1 0.25 Open Shrub (Willow)
2 W. Spruce
AO6 | 1 W. Spruce/Balsam Poplar
AO7 | 1 0.23 | 0. B. Spruce bog
2 0.22 | 0.23 B. Spruce, north slope
3 0.22 | 0.23] 0.21 | W. Spruce, south slope
4 0.23 | 0.23] 0.21 | Open Shrub/Bog (Willow)
A08 | 1 | 0.23 | 0.23 | 0.23 W. Spruce
2 0.23| 0.26| 0.22 Open Shrub
Open Shrub, sloped
3 0.25| 0.23 | 0.25 (Willow)
4 0.22 0.24- Open Shrub, Sandy soll
A09 1 0.22 | 0.20 - Birch, south slope
2 0.20 - B. Spruce/Larch bog
3 0.20 | 0.21 - W. Spruce, hill base

Table 2. Overall benchmark for the data sets. The best

combinations are mar ked with green color.
M ax Min | Mean | 1800 0600
H-pol PM 0.22 0.26 0.22 0.22 0.26
H-po AM 0.22 0.22 | 0.21 0.22 0.22
V-pol PM 0.23 0.28 0.23 0.23 0.27
V-pa AM 0.23 0.23 | 0.21 0.22 0.22

4. CONCLUSIONS

The backscatter data from the QuikSCAT scatteramete
was analyzed against the landscape temperaturedreco

obtained from the ALECTRA biophysical network. The
analysis is applied for the planning of the validiatof the
freeze/thaw product of the SMAP mission. The result
indicate which thermal sensors in the landscapeligre

The results are obtained in this study using Ku-
band frequency backscatter at 25-km resolution. dvew
as the SMAP mission will be making measurements- at
band and higher resolution certain aspects of #dsalts
need to be considered. The penetration depth chridb
makes it likely that soil temperature will have arder
effect on the radar backscatter response. Alsothas
landcover heterogeneity of the northern landscapeery
high the 25-km footprint aggregates areas which kel
seen separately at 3-km with unique response. Tdrera
closer look at the division of the ALECTRA statioimdo
subsites is required before far reaching conclissican be
drawn on which type of landscape requires which
measurements.

The long time series in general shows high
consistency of the response from year to year. ddia set
will allow detailed day-to-day investigation of nenous
freezing and thawing events to understand the s
response. The analysis can then be combined witanid
observations over the sites with less temporallifide
which will contribute to the formulation of the ecect in
situ sampling strategy for SMAP validation.
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